Technical Support Document for Exposure Assessment and Stochastic Analysis
September 2000

Air Toxics “Hot Spots’ Program Risk Assessment Guidelines Part IV

Technical Support Document
for
Exposure Assessment and Stochastic Analysis

September 2000

Table of Contents

BLIE= o1 =0 0o g = 1 | S i
EXECULIVE SUMMIAIY ... ot ee e e e eaeeaeeennenenen e ESFL

Section 1: Introduction

I g1 0o L1 1 o o OSSP PPV 1-1
1.1 Multipathway Nature of EXPOSUre ASSESSIMENL ........cccuveeerieerieseeseeseeseesseeseeseesseessesseesaens 1-2
1.2 The Point EStimate APPrOaCh ..........couieiiiiesi et nne s 1-4
1.3 The Stochastic Approach (“Likelihood of Risks” Approach).........cccceeevvecevieesecceseennnns 1-6
1.4 Tiered Approach t0 RISK ASSESSMENL ........c.ccveiieiierieeie e e e e seesreeee e e eaeseesseeeesneenaeas 1-8
R R 1= 0t SO 1-8
O 1= PO 1-10
IR B 1= G F SO RRR 1-10
O T SO TPTRRSR 1-11
1.5 EXposure AssesSSment PalWa'S .........ccoveviieriiee et 1-12
LB REFEIEINCES.....ceeeeeeeeee ettt bt bttt b bbbt 1-13

Section 2: Air Dispersion Modeling

2.1 Air Dispersion Modeling in Risk Assessment: OVEINVIEW .......ccccevverieeeeseerieeieeseeniesee e 2-1



Technical Support Document for Exposure Assessment and Stochastic Analysis
September 2000

2.2 EMISSION INVENTOTTES.....ccueiiiiiieieiiesie sttt st sttt sb e se e 2-3
2.2.1 Air ToXiCS “HOt SPOtS” EMISSIONS ....c.veiieiieeieeiesieesieseesieesseeeesseesseeaesseesseesesseessens 2-3
2.2.1.1 SUDSEANCES EMITIEA........coiiiiieie et 2-3

2.2.1.2 Emission Estimates Used in RiSk ASSESSMENT .........ccocevererienienie e 2-4
2.2.1.3 REIEASE ParamELerS........ccuoiiiiiie sttt 2-5

2.2.1.4 Operation SCheAUIE...........coeii i 2-5
2.2.1.5 EMISSION CONEIOIS......couiiiiiisiesie sttt st s 2-5

2.2.2 Landfill EMISSIONS .....ccuiiiiiieiisie sttt sttt s be s eneas 2-5
2.3 S0UICE CharaCleriZAION .......c.ceeeeeiesie sttt sttt sa e b eese e 2-6
2.3.1 Classification According t0 SOUICE TYPE ....cccveeeereerieeiesieesieeeesseesteesaesseesseeeesseessens 2-6
2.3 1.1 POINE SOUIMCES ....cviviiieiieiesie st st sse sttt e s saesae b ssesbesse et sseseesaesbesaessesneeneen 2-6

2.3 1.2 LiNE SOUICES......eiueteeuieueeiesiesie st ste st sttt e et st b sbesbe st e b e nbenbesaesbesbesnenneenees 2-6

2.3. 1.3 ATBASOUICES........eeeieeiieeiee ettt n e e ne e s e e nne e nnneenneesnnis 2-6

2.3. 1.4 VOIUME SOUICES. .....ccuerueeieiiriesie st st sttt sae bbbttt ssesbe s sbesbessenseenees 2-7

2.3.2 Classification According to Quantity Of SOUICES.........ccceveereeiersieseere e seeee e 2-7
2.4 Terrain CharaCteriZatiON .........cc.ooeierine sttt sb bt ae e 2-8
2.4.1 Classification According to Land TYPE .....eccveeiereeie e sieereee st 2-8
2.4.1.1Land USE PrOCEAUIE. ......c.eeeeiiie ettt sttt st sb e 2-8
2.4.1.2 Population Density ProCEAUIE...........ccueiieieeeneese e seese e ste e s e e ee e e 2-8
2.4.2 Classification According to Terrain Topography ........cccccceevieeveveeseesieseese e 2-10
2.4.2.1 Simple Terrain (also referred as“Rolling Terrain”) ......ccceeveeeveeveeceseese e 2-10
2.4.2.2 INterMEdIale TEITAIN. ..ot 2-10
2.4.2.3 COMPIEX TEITAIN .....cceeiteeieeeesteeesee e ete e s e te e e sseeaesseesteenaesseesseeneesseensesneesnes 2-10
2.5 Leve of Detail: Screening vs. Refined ANalYSIS.......coceevieereenece e 2-10
2.6 POPUIELiON EXPOSUIE......ecueeiieeeeteesieeiesseesseetesseesseeaesseesseensessessseassesseensessesssesssessesssenssens 2-11
2.6.1 Z0NE OF IMPACL.....ccveeieieeiteeeeee sttt te e e e te e sreesseeneeeneenseeneennes 2-11
2.6.2 Population Estimates for Screening Risk ASSESSMENtS........cccveveveereeieeseesieseennns 2-12
2.6.3 Population Estimates for Refined Risk ASSESSMENLS ........cccevvecieveeieeiieseesieeee e 2-12
2.6.3. 1 CONSUS TIACES....c.eeiiieeiieeieeeee e nne e nnn e e e e ennis 2-13
2.6.3.2 SUDCENSUS TTACE ...ttt st sttt st bbbt 2-14
2.6.4 Sensitive RECEPLOr LOCALIONS.........cceiierieeieeeesieeieseeseeeseseesseeeesseessesaesseessesneesnes 2-14

(= o= o (| 1 1 o U 2-15
P 8 = o (0] o £ S 2-15
2.7.2 Centroid LOCAIONS. ....c.ceueeuieiesiiste sttt ettt sttt st b e b s 2-15
SR \VI L= (<o o] oo Lo I D= - VU 2-16
2.8.1 Meteorological Data FOIMELS.........ccceveerieeieeieseeie e ee e e e ae e sae e ens 2-17
2.8.2Treament Of CalMS........cuiiiiiiirie s 2-18



Technical Support Document for Exposure Assessment and Stochastic Analysis
September 2000

2.8.3 Treatment of MiSSING Dal@........cccceiereerieeiieeiesecie e 2-18
2.8.4 Representativeness of Meteorological Data..........cccveveveereeieeneeie e 2-19
2.8.4.1 Spatial DEPENTENCE......ccueeiieeeceeie ettt naeeneeenes 2-19
2.8.4.2 Temporal DEPENTENCE ........oceeieeie et nne e nnes 2-20
2.8.4.3 FUrther CONSIAEralions.........cccuveririirenieieesie st s 2-20
2.8.5 Alternative Meteorological Data SOUICES........cceevveveereeerieseesieeie e sieeeesee e eeeees 2-21
2.8.5.1 RECOMMENEBLIONS......coueeuieieieie sttt sttt sr et e b b 2-21
2.8.6 Quality Assurance and CONLIOl ..........ccceveerieeieneerie e e e sae e ens 2-22
2.9 MOOEl SEIECHION ...ttt bbb bt 2-22
2.9.1 Recommended MOEIS.........cccoiiiiiiniriee e 2-23
2.9.2 ARENELIVE MOEIS........coiieiieeee e e 2-25
2.10 Screening Air DiSPersion MOGEIS. ........coiieiiiierice ettt 2-25
2.10.1 SCREENS ...ttt sttt sae et b et sesbe s eneesesseneeneneas 2-26
2.10.2 VaAlEY SCrEENING ....cueiceeiteeieeeeseeiesee st este e seeteseesseesaesseesteeaesseesseenaeeseenseeneesnes 2-28
2.10.3 CTSCREEN .......ooiiicisee ettt sttt ene e 2-29
2.10.4 SHORTZ ...ttt ettt st st sttt et s et seneebeneeneenesnas 2-30
2. 105 LONGZ ...ttt sttt sttt sa ettt s et e s neebenteneeneneas 2-30
2.10.6 RTDIM ...ttt st sttt ettt s et e e e e e be st e e enennas 2-31
2.11 Refined Air DiSPersion MOUEIS.......c.coieiieeciee sttt 2-33
2 1S 21 1 TSRS 2-33
2.11.1.1 RegUIALONY OPLIONS.......cccueeeeereeieeeesieeiesseesteetesseesseesesseesseeseesseessesnsesseessesseesses 2-33
2.11.1.2 SPECIAl CBSES ....veveneeierieieese sttt st st sae ettt s e be e neebesae e ene e 2-34
2112 RAM ettt ettt bbbt e be et ene e 2-35
2.11.2.1 Regulatory APPlICALTION.........ccveiieeeeieee st ens 2-35
2. 115 CTDIMPLUS ...ttt et e e ene e 2-36
2.12 MOdeling SPECIal CASES.......cceieeirieiierieseeseseeseesaeseesseesesseesseeeesseenseseesseensesseessennseans 2-36
2.12.1 BUIlAING DOWNWAESN......cceeiicieciieie ettt ne e e nne e nnes 2-36
P T oo 1| o o 2-37
2.12.3 ShOrt DUration EMISSIONS........cceiiririrerieiesie st sae e s sne s eneens 2-38
P2 Y o ' = 4o o S 2-38
2.12.5 RAINCAP ON SEACK.......ceueeieieiieiesieie e ete e eete e sre e te e sreesneenaesneenseeneennes 2-39
2.12.6 LaNGFill SIES....c.eieeieeeeieieie ettt ne e 2-40
2.13 SPECIAliZEA MOAEIS......cceeeeeee ettt re e te e e sne s e 2-40
2.13.1 Buoyant Line and Point Source Dispersion Model (BLP).......ccccoceveecvvierivceenee. 2-40
2.13.1.1 Regulatory APPlICALIONS .......cccueiueieerieeiesiese e st ee et ens 2-40
2.13.2 Offshore and Coastal Dispersion Model (OCD).......cccvevveeereeieseereeee e 2-41
2.13.2.1 Regulatory APPlICALIONS .......cceeiuerierieeieeeeseete et e e ae e ens 2-41
2.13.3 Shoreline Dispersion Model (SDM) ......ooiiiiecece e 2-41
2.14 Interaction With the DISIICE ........ooiiiiiceeeeee e 2-41



Technical Support Document for Exposure Assessment and Stochastic Analysis
September 2000

2.14.1 Submittal of Modeling ProtOCOI ..........ccceiveieiecie e 2-42
2.15 REPOIt Preparalion ..........ccieeieeeeseeiieseeseesiesees e eaesseesseeseesseesseeseesseensessessseessessesssennsens 2-44
2.15.1 Information on the Facility and Its Surroundings.............cccvvvvvee cevveecieseennnnnn. 2-44
2.15.2 Source and Emission Inventory Information................cooovviiiiiiiieninen e 2-44
2.15.3 Exposed Popuulation and Receptor LOCation...........c.ccovveivrieeiiene e eees e 2-45
2.15.4 Meteorological Data... . PO e o
2.15.5 Model Selection and Modellng Ratlonale Y 227 o
2.15.6 Air Dispersion Modeling RESUITS..........ovuieiie e e e e e 2-47
2,16 REFEIEINCES. ..ottt ettt b e bbbt e e e et s b b e sbe b st ne e 2-48

Section 3: Daily Breathing Rates

130 A 1 oo LU Tox i o) o 1SS PRSPPSO 3-1
3.1.1 Point Estimate Approach to Inhalation Cancer RiSK ........cccccvecvveerveieveeneece e 3-2
3.1.2 Stochastic Approach to Inhalation Dose and Cancer RiSK ......cccceevveceveereecieseennns 3-2

3.2 Methods for Estimating Daily Breathing Raes..........cccvoeveeiecieneece e 3-3
3.2.1 Time-weighted Average Ventilation RatES............ccccveeeieereeiesiese e 3-3
3.2.2 Estimates Based on Caloric Intake or Energy Expenditure..........ccccoeeeveeveeceneenens 3-4
3. 2.3 CUIrent DEfAUIT VAIUES.......coviiierieseisesee et 3-5

3.3 Available Data on Breathing RaLES..........ccccevieiiiiesicie et 3-5
3.3.1 Compilations of Ventilation Rate Data............cccceveererieeieereeieseese e seese e 3-5
G I IR Y (o g I (12 < ) ST 3-7
TR e B F= 0 o (11 RS 3-8
3.3 4 LINNELaAl. (1993).....ciiieiiiirieiee ettt sttt be st ene e 3-10
3.3.5 U.S. EPA Draft Exposure Factors Handbook (1997) ........ccccccevevvveeveecieseeseeeeee 3-11

3.4 Ranges of Ventilation RALES..........cccueieiieieeiecee ettt sne e 3-13

3.5 Use of Activity Patterns and Ventilation Rate Data to Develop Breathing Rate

DISIIDULION ... ettt 3-20
3.5.1 CARB Sponsored Activity Pattern SIUdIES..........ccvveeveeieieesece e 3-20
3.5.2 Development of Daily Breathing Rate Distribution.............ccccoveeeveereeceseeneseee 3-20
3.5.3 Evauating the Validity of the Breathing Rate Distributions.............cccccveevevvrnenee. 3-34

3.6 RECOMIMENELIONS. .....cveiiriieiieeeee ettt st bbbttt se et b bbb be e e e 3-37
3.6.1 The Point EStimate APPrOACH ........ccuvieeieeeciese ettt nae e ens 3-37
3.6.2 The StochastiC APPrOBCI .........cecieeciecie e ens 3-38

ST REFEIENCES. ...ttt bbbt bttt e bbb bbb r et ne s 3-39



Technical Support Document for Exposure Assessment and Stochastic Analysis
September 2000

Section 4: Soil Ingestion Rates

Ot 1 0o [F o1 o ST TRORRR 4-1
4.1.1 Incidental SOil INQESLION .......ceveerieeeeciere ettt re e e e nne s 4-1
4.1.2 Intentional SOil INGESLION........cceeiiieeciere et eneenreas 4-1

4.2 Current CAPCOA Algorithm for Dose from Soil INgestion..........cccevveeeveereccieseeseeeee 4-2

4.3 Proposed Algorithm for Dose via SOil INGEStION.........ccccciieeveeieeeere e 4-2
4.3.1 Inadvertent Soil INgestion DY AQUILS..........ccevieieeeeeee e 4-2
4.3.2 Inadvertent Soil Ingestion by Children ..o 4-3
4.3.3 Inadvertent Soil Ingestion by Offsite WOrkers...........cecvvceieeieseseece e 4-3

4.4 SOIl INQESLION SEUAIES .....c.veeieceeecieeieee ettt e sreesseeaesneenaeeneennes 4-4
4.4.1 STUAIES TN ChITArEN. ..o bbb 4-4
4.4.1.1Binder € al. (1986) ......ccoereruerieieirierieieteseesee s ste s see et sre st e s nnens 4-4
4.4.1.2 Clausing €t @l. (1987) ....cceiererieieeee ettt st ne et 4-5
4.4.1.3Van Wijnen et al. (1990).......ccccereirerieiriiereeese e ese e see s sre s essessens 4-6
4.4.1.4 DaViS €t al. (1990)......cccumerererierieisierieesreseeseeese st see e s sttt sre st e eseanens 4-6
4.4.1.5 Calabrese et al. (1989) .....cccvreriririerieine ettt 4-7

4.5 Studiesin Adults - Calabrese et al. (1990) ......cceeveeeerieie e e s 4-9

4.6 Distributions of Soil INgEStioN ESIMELES ........ccveieeieiice e s 4-9
4.6.1 Thompson and Burmaster (1991) ........ccccceeceriereeieeseerie e seeseeseesreeseesseesseesesseensens 4-9
4.6.2 AIHC (1994) and Finley et al. (1994) .......covvereiririeeeseseeese e 4-9
4.6.3 Stanek and Calabrese (19958)........cccuiieereerierieereereeeeseesieseeseesse e e e ssesseesseeseens 4-10
4.6.4 Stanek and Calarese (1995h) .......oviereerireieese e 4-13
4.6.5 Summary of Utility of Existing Distributionsto Air Toxics Hot Spots Program.... 4-14

4.7 RECOMMENTELIONS.......evetestiriieieeeeie sttt sttt st bt se st et e b et e sbesbesbesneeneeneas 4-14
4.7.1 Incidental Soil Ingestion by Children ..........ccoceveeeeececeecece e 4-14
4.7.3 Incidental Soil Ingestion DY AdUILS.........ccoecveiereecececeee e 4-15
4.7.4 Intentional Soil Ingestion (pica) by Children...........cceeveceeecicie e 4-15

4.8 REFEIEINCES. ... ettt b ettt b et st s bt bt e bt e st et et et e besbe e b e b e s aenneeneas 4-16

Section 5: Breast Milk Consumption Rate

ST A1 oo (U Tox i o] o ISP PRUSRRIN 5-1
5.5.1 TEIMINOIOQY ....veeueeereeteeiesiesieesieeseesteesteseesreesseeseesseesteeseesseesseessesseesseensesneessennsesseensens 5-1
5.1.2 Existing Guidance and REPOIS..........cccveuererrieeieeeeieeeeseeseseesseesseesaesseesseeessseessens 5-2

5.1.3 Conceptual Framework for Considering Variable Breast Milk Consumption Rate.. 5-5

5.2 Breast Milk Consumption Among Breast-feeding Infants...........ccccceevevieeienievecceseennns 5-6



Technical Support Document for Exposure Assessment and Stochastic Analysis
September 2000

5.2.1 Literature Review and Evaluation of Breast Milk Consumption Studies.................. 5-6
5.2.1.1 Measurement of Volume of Breast Milk Consumed................. cccccceeerienn.. 5-8
5.2.1.2 Correlation with Age and BodyWe|ght 5-8

5.2.1.3 Insensible Water Loss... : e e D=8
5.2.1.4 Effect of Maternal Factors on Breast |V||Ik Intake .................................... 5-8
5.2.2 Study Selection for Analysis of Milk Consumptlon RAES....oveeeee e 5-9
5.2.2.1 Study Selection... . PR o o1
5222Descr|pt|onsof8elected Stud|e£ .. cerreeneens D79
5.2.3 Data Analyses and Derivation of Distri butl ons of Breast M |Ik Consumptlon
(= SRS 5-10
5.2.4 Comparison to Results Reported for other Breast Milk Intake Studies................... 5-13
5.2.5 Annual Average Intake for Exclusively versus Fully Breast Fed Infants................ 5-15
5.2.6 Effect of solid food introduction and weaning on estimates of breast milk
L= =PTSRS 5-16
5.2.7 Representativeness of estimates of breast milk consumption..........cccccccvvevevvrenee. 5-16
5.3 Breast Milk Consumption in the General Population ............ccccocevieevenieneeiesee e 5-17
5.3.1 Duration of Breast FEEAING........cccueierieiieii ettt e et 5-17
5.3.2 Distribution of Breast Milk Intake Among the Entire Infant Population................. 5-18
5.4 Lipid Concentration and Distribution of Lipid Intake...........cccccvveeveeienceneeie e 5-19
5.4.1 Lipid Content of Breast MilK.........ccoo i 5-19
5.4.2 Distribution of Lipid INTAKE .......ccceeieieeieee et 5-20
5.5 Concluding REMEAIKS.......ccuiiieiiee ettt st sneenne e 5-20
5.5.1 Trends in Breast-fTEediNg........ccccviveierieerice e 5-20
5.5.2 Subpopulations of Special CONCEMMN........ccccveiereeie e 5-22
5.5.3 Promotion of Breast-feading.........cccovvveiirienieesece e s 5-23
5.5.4 CONCIUSION ..ottt sttt sttt s e bbb 5-25
5.6 RECOMMENELIONS. .....cveitiriieiietesie ettt bbb e e et bbb bense e ens 5-25
5.6.1 Default Point Estimate for Daily Breast Milk Consumption During the First Y ear 5-25
5.6.2 Breast Milk Consumption Among Individuals during the First Year of Life.......... 5-26
5.6.3 Consideration of Variable Age of Breast-feeding Mothers..........ccccevevecveeevecnenee. 5-27
5.6.4 Analysisfor population-wide impacts from breast milk exposure............ccccoveueenee. 5-27
5.7 REFEIEINCES. ...ttt ettt bbbt b et e e b et bbb b bt ne e 5-28
Section 6: Dermal EXPOSUr€ ASSESSIMENT .....cccueeuieierieciieseesieesee e e sseesae e sseessesaesseesseeneesees 6-1
B. L INEFOAUCTION ...ttt ettt bbbttt et e e et et b besbeeneeneeneas 6-1
6.2 Factors Providing Significant Variation in Dermal Uptake............ccccoveeeveereeceseeneceee 6-2
6.3. Exposure Factors and StudieS EValUated.............ccooveieieeieeiie e 6-3

Vi



Technical Support Document for Exposure Assessment and Stochastic Analysis
September 2000

6.3.1 ChemiCal-SPECITIC FACLOIS........ccceeieeiecee et nne s 6-3
6.3.2 Concentration and Temperature Dependence of Uptake.........cccccevveeeveeveecicseenens 6-4
6.3.3 SKIN ATEAFACIOIS.......couiieiiieie ettt bbb 6-4
6.3.4 SOil AdNEIrENCE FACLOrS.......coviiiiesieste e 6-5
6.3.5 SOIl Layer ThIiCKNESS.......ccueiieieeiesieesie e st e ste e e et e e steeaesneesseeneesneennens 6-5
6.3.6 Clothing Penetration ValUES...........ccveieiieieeieceseesie st stee e see et sse e e nnens 6-6
6.3.7 BEhaVIOral FACIOIS ........cciiiiieieie sttt bbb 6-6
6.4 Dermal Uptake EStimation EQUaLTONS..........cccevveiereeieseesieesie et esie e sseessesaesseessesneesns 6-7
6.4.1 U.S. EPA Exposure Estimates (1992, 1995a)........cccccueveereereeierseereeieeseesseeseeseessens 6-7
6.4.2 Ca/EPA Department of Pesticide Regulation Guidance for the Preparation of Human
Pesticide Exposure Assessment Documents (1993) ......ccovvveveeieneeneece e 6-8
6.4.3 CATOX (L1993) ....eiuirieeeieriirieesiesiees e stesee st see e et e e e se e et e sesbeseeseesesee e enesseseenessenes 6-8
6.4.4 Frequency of EXPOSUIE 0 SOIl.......cceeieiieieeiieeieseesiesee et et eae e nneas 6-9
6.5 RECOMMENELIONS. .......veiuiriieiieieie ettt bbbttt e et et sb b bt ese e eneas 6-9
6.6 REFEIEINCES. ...ttt bbbttt b et s bbb b s e e 6-12
SECLION 7: FOOU INTAKE.....ccuiiiiiiiiieieie sttt bbbt ene s 7-1
4% A L 11 oo [0 Tox i o) o 1TSS PUR PRSPPSO 7-1
7.2 Algorithm for FOOd INtaKE DOSE.......cc.eeieieeieeieciese ettt ens 7-1
7.2.1 Point Estimate (Deterministic) Algorithm..........c.covevv e 7-1
FAVAVAS (oo g= S Tl AN [ o 11 010 ST 7-1
7.3 Methods and Studies Available for Estimation of Per Capita Consumption...................... 7-2
7.4 Categorization Of PrOUUCE...........cvieeiieiecee et ee st e et sreense e eneeeneeens 7-5
7.5 Produce, Meat, Dairy and Egg Consumption Distributions............cccccveeeveeneeceseene s 7-9
7.6 Calculating Contaminant Concentrations in FOOU...........covvereeieeneese e 7-9
7.6.1 Algorithms used to Estimate Concentration in V egetation (Food and Feed) .......... 7-10
7.6.1.1 DEPOSITION ONO CrOPS .. .ecuveeeeeteeiesieesieeeesseesteeeesseesseessesseesseessesseessesssessesssessssses 7-10
7.6.1.2 Tranglation from the ROOLS ..........ooiriiiiieieiesee e 7-12
7.6.2 Algorithms used to Estimate Dose to the Food Animal ...........ccccoeveveececcecnieceenne, 7-13
7.6.2.1 D0OSEVIATNNAEHION ...t s 7-13
7.6.2.2 D0Se VIaWaLer INQESLION.......cccveieeeeiieeieeeeseeieseeste e ste e e e ae e e sseeneennes 7-14
7.6.2.3 Dose from Feed Ingestion, Pasturing, GrazZing..........ccccceeveereereseeseeseeseessessessens 7-14
7.6.2.4 Transfer Coefficients from Feed to Animal Products............cccccevvnevencnenennen. 7-15
7.7 Default Values for Calculation of Food Contaminant Concentration.............cceeeeeeeneee. 7-18
7.7.1 Body Weight DEFAUILS........cccueeeeiieie ettt 7-18

Vii



Technical Support Document for Exposure Assessment and Stochastic Analysis
September 2000

7.7.2 Breathing Rate DeEfalltS.........ccccoiieiiieesece et 7-18
7.7.3 Feed INQGEStiON DEFAUILS .....cceeceeiiee et 7-19
7.7.4Water INgestion DEfAUITS .......cccceieeiceeceee e 7-19
7.7.5 Soil ConsuMPLion DEFAUITS........cccveieiieiece e 7-20
7.8 SUIMIMIAIY ...ttt sttt s e ettt st e e et e e et e e s ate e e s ab e e e e sbe e e sb e e e baeesabeeesabeeesaneeenareeennns 7-20
7.9. RECOMMENUALIONS.......eeiuirieeiieieiee ettt sttt b b sae e se e 7-21
7.9.1 POINE ESLIMEIES .......civeieieiieiesiesieste sttt sttt st bbb 7-21
FAS IS (o]0 07> S (1ol AN o] o 0 o o IS0 7-21
7. 10 REFEIEINCES. ... ettt bbbt bt bt se e e et e s be b e sbe b e e bt e st e e 7-22
SECION 8 WAL INTAKE......ccuiiieieeie bbbt 8-1
&30 A 1 oo [0 Tox i o] o 1TSS PP PRV 8-1
8.2 EMpirical DiStriDULIONS..........coiiiecieiece et ens 8-2
8.2.1 Exposure Factors Handbook (U.S. EPA, 1997).......ccvivieereeeseeseeee e eee e 8-2
8.2.2 Ershow and Cantor (1989), Ershow et al. (1991) .....ccccceveeieeirniese e seese e 8-3
8.2.3 Canadian Study (CEHD, 198L).......ccccuririririeieniesie sttt s 8-9
8.2.4 High Activitiesand HOt Climates...........ccoveii i i e e v eee e 879
8.3 Modeled DiStIHDULIONS ........coueiiiieiesie sttt 8-9
8.3.1 Roseberry and Burmaster (1992) ........ccoeeeieeieeeeieesieeiesteesesee e ste e e e sse e sneennens 8-9
8.4 RECOMIMENELIONS. .....cvetirieeiieteste ettt ettt st bbbttt e et b et sbesbenbeeneeneens 8-11
8.4.1 Point EStimate APPrOBCH .......oceeiieie ettt ens 8-11
8.4.2 The StochastiC APPrOBCI ........ccecieieceece et ens 8-12
8.4.2.1 Empirical Western Regional distributions of Ershow & Cantor ............cccccveueee. 8-12
8.4.2.2 Pregnant, Lactating, Breast-fed Subpopulations.............ccccevvveveveeneecnseesieceeee 8-15
8.4.2.3 High Activitiesand Hot Climates............ccccoviiiiiiie s v seese e, 3°15
B.5 REFEIENCES. ...ttt bbbttt e et bbb bt 8-16
Section 9: FisSh CONSUMPLION ...c.viiieiieiiecie ettt e e et sae et sreesse e e neeneeeneenns 9-1
S0 A 1 1o [0 Tox i o] o 1SS PR RPN o-1
9.2 Algorithm for Dose ViaFish INGESHION .......cooieieeeereee e 9-2
9.3 Studies Evaluated for Noncommercial Fish Consumption Parameter............cccceevevvenennee. 9-4
9.4 Determination of Fish Consumption Distribution .............cccevveeieie s 9-7
9.4.1 ChOICE O SEUAY.......ceitieieieesieeiee ettt ettt e s e te e e sreesseeneesneennens 9-7



Technical Support Document for Exposure Assessment and Stochastic Analysis
September 2000

9.4.2 Correction for Unequal Sampling Probabilities............ccooevviiinicnecce e 9-7
9.4.2.1 CalCUIation MEINOUS.........coviriirieriesie s 9-7
9.4.2.2 Results for the Santa MonicaBay Study...........ccceveeceeieericieseese e 9-9
O.4.2.3 DISCUSSION.....cetitirtiruieueestesie st stesee st sbe st e e e ssesbesbesbesbesse e st et e s e e e seenbesaeebesbeeneeneens 9-10
0.5 SHaALiStiCaAl TrEAIMENT .....ccueieieiieie ettt bbbt 9-10
9.6 RECOMIMENELIONS. .....cvevirieeiietesee ettt sttt st bbbttt ne et sa e bbb nbe e ne e 9-12
9.6.1 List of Hot Spots Chemicals for which Evaluation of the Fish Pathway is
RECOMMENUEM. ...ttt b e b e b ne s 9-12
9.6.2 Point Estimates of Fish Consumption for Individual Cancer and Noncancer Risk
Estimates for Those Who Consume Fisher-Caught Fish. ..........ccceevieiiccevciese e 9-13
9.6.3 Stochastic Approach to RiSK ASSESSMEN ........ccveiieieerieeieseese e se e sae e e 9-14
0.6 REFEIEINCES. ...ttt b e bbbt e et bbbt be bt ne s 9-18
Section 10: BodY WEIGNT ......ccveeieeeee ettt 10-1
080 1 g0 [F o1 o o ST RR 10-1
10.2 EMpirical DIStHDULIONS. .......cceiiiieiiesieeie e e see st eee e ste e s sseeaesseesseeeesneesseenseens 10-1
10.2.1 NHANES I (U.S. EPA, 19898).......ccccetruirirerienienieentesiesesessesseessessesessessessesesseses 10-1
10.2.2 Report of the Task Group on Reference Man (ICRP, 1975)........ccccocveveieenvennnne 10-1
10.2.3 NCHS (Hamill €t al., 1979) .....ceeiiiieeeerieesese sttt 10-2
10.3 Modeled DiStITDULIONS ......ccueiuiriieieieiesie et sbe e 10-2
10.3.1 Brainard and Burmaster, (1992)........cccovreerieiesieseesieseesieesieseesreesse e sseessesneesnes 10-2
10.3.2 FiNley € al. (1994) .....ooeeeeeerieeeie ettt ne e 10-2
10.3.3 BUrMASLEr € @l. (1977) .oueoueeeeeeeee ettt st 10-3
10.4 RECOMMENTEBLIONS.......cvieeiterierieeieeee sttt sttt sttt se et bbb be s et e b e sbesbesbenbeeneeneens 10-6
10.4.1 Point EStimate APPrOaCh .........ccoveeieeeceee ettt 10-6
10.4.2 Distributions for Stochastic APProach...........ccceeeeveeieecesieese e 10-6
105 REFEIENCES. ...ttt b e bt bttt sbe b e bt ne e 10-8
Section 11: EXPOSUr€ DUIMALION ......cccvieieieeeiieeie ettt e st e e na e esne e ee e sneenne e 11-1
0 1 o [F o1 o o SO PRPRPR 11-1
11.2 Dose Algorithm and Duration Of EXPOSUIE..........ccceveeieeieeseeieseesieesee e sieeneeseesseesens 11-1
11.3 Available Studies for Evaluating ReSidenCy TIMEe.......ccccevveieveerecieseeseeee e 11-3
114 DISCUSSION ...ttt st sttt e e e et e s bt s be s bt e st e se e e et e s ae e b e sbe e bt ese e e et e sbenbesbeebenbeeneeneens 11-3



Technical Support Document for Exposure Assessment and Stochastic Analysis
September 2000

11.4.1 Problems with Less-than-Lifetime Risk ESHIMEatES. .......oooeeeeeeeeeeeeeeeeeeeeeeeee e 11-4
11.5 RECOMMENUBLIONS. .. eeeeee et e e e e e e e e e e et eeeeeeeeeeaaeeneeeeeeeeeeeaaaaneneeeeeeeeaaaannnnes 11-4
dL 0 RE I ENICES. ..ottt e e e e e e e e e e e e e e e e e e e e e e ——eeeeeee e e e e e ——————aeeeeaaaaa——— 11-6

Appendix A: List of Substances

Appendix B: Health and Safety Code Related to Hot Spots Program’

Appendix C: Produce, Meat, Dairy and Egg Consumption Empirical Distributions (Gm/day)
Comparison of Produce, Meat, Dairy and Egg Empirical Consumption
Distributions (Gm/Kg BW/Day) with Parametric Models

Appendix D: CSFII Food Categories Used to Determine Per Capita Food Consumption

Appendix E: Determination of Chemicalsfor Multipathway Analysis

Appendix F: Dermal Absorption Factors

Appendix G: Chemical-specific Soil Half Life

Appendix H: Fish Bioconcentration Factors (BCF)

Appendix I: Glossary and List of Acronyms

Appendix J. HRA Forms and Maps Used With Air Dispersion Modeling

Appendix K: Comparison of Breathing Rates Distribution to
Energy Expenditure Information



